ABSTRACT
Introduction
Chronic rhinosinusitis (CRS) is a common, multifactorial, and variable disease with a prevalence of $10-16% [1] . The diagnostics of CRS is based on typical symptoms and clinical findings [1] . After the failure of medical treatment, the severity of CRS and the putative need for surgery is assessed based on the history, endoscopy, other clinical findings, and imaging [1] .
Computed tomography (CT) scans are the imaging modality of choice confirming the extent of pathology and the need for surgery. It is important to verify CRS with the CT scans because the symptom of the patient does not always correlate with disease [2] . The main findings in CRS are mucosal changes within the osteomeatal complex and/or sinuses. Other characteristic findings of CRS are air-fluid levels, mucosal thickening, and opacification of the normally aerated sinus lumen. The only change can be sclerotic, thickened bone of the sinus wall [1] . A number of CT-staging systems of CRS exist; the Lund-Mackay staging is one of the most used. Staging is based on degree of opacification (0 ¼ normal, 1 ¼ partial opacification, 2 ¼ total opacification) of each sinus: maxillary, anterior ethmoid, posterior ethmoid, sphenoid, and frontal sinus, for each side. In addition, the ostiomeatal complex (OMC) is graded as 0 ¼ not occluded, or 2 ¼ occluded; coming to a maximum score of 12 per side [3, 4] .
Sinus CT scans are an integral part of pre-operative planning. The important structures in planning sinus surgery are insertion of middle turbinate and the uncinated process, the location of anterior ethmoidal artery, and Keros class, Infraorbital cells, position of the Agger nasi cell, and the anatomical variants located in the operative area [5] [6] [7] [8] [9] [10] .
A few previous studies have evaluated inter-observer reproducibility of CT scans. It has been shown that there can be variability between inter-observer agreements in computed tomography images. Particularly there have been major differences between an experienced observer and an inexperienced observer [8, 11] . However, a study of shoulder CT scans showed that there can also be differences between equally experienced observers [12] .
To the best of knowledge of the authors there is limited information of the inter-observer reliability of sinus CT scans. The number of anatomical variants is very high in paranasal sinuses [13, 14] . Several of them (such as big vessels, orbit, and CNS) are located close to sinonasal surgical area and, thus, the intra-operative lesions of them may lead to severe illness or be life threating. This cross-sectional study aimed at evaluating the inter-observer agreement of 49 structures of sinus CT scans. The objective was to compare the results between doctors with different expertise and experience. We hypothesized that the inter-observer agreement is good.
Materials and methods
This study was carried out in the Department of Otorhinolaryngology, at Tampere University Hospital, Finland from 2006-2009. The study was approved by the ethical committee of the Pirkanmaa Hospital District (no 96032). Written informed consent was obtained of each participant. A random sample of 57 patients suffering from CRS, who were evaluated to benefit from sinus CT scans during 2006-2007 at the Tampere University Hospital, were enrolled to this study.
CT scans
The patients underwent routine sinus multiple detector computed tomography (MDCT) examinations for clinical purposes. Two different MDCT machines were used: GE LightSpeed 16 (GE Healthcare, Milwaukee, WI) and Philips Brilliance 64 (Philips, Best, Netherlands). The patients were imaged in supine position with a kilovoltage of 120 kV and a milliampere second of 100 mAs. In the GE machine, the slice thickness was 0.625 mm, with coronal reconstructions at 1.5 mm. In the Philips machine, the slice thickness was 0.9 mm, with coronal reconstructions at 0.9 mm. Both were three dimensional (3D) in nature without any gap. In all cases, the imaging was performed using a bone filter technique. The imaging covered the entire sinonasal area both in the axial and coronal directions. The coronal reformations spanned through the entire area, starting from the anterior wall of the frontal sinuses, and ending to the level of the posterior wall of the sphenoid sinuses.
Evaluation of CT scans
CT scans were observed by three independent observers blinded to each other and to the patient history data. The focus was to compare agreement between three observers in evaluating radiological anatomy sinonasal structures and CRS-related changes. The observers were an experienced head and neck radiologist (AM), an experienced ENT and rhinosurgeon (JN), and a fifth year ENT resident (ST-S). They filled in a 49-item form of sinonasal structures from both sides ( Table 1 ). All asked structures had 2-5 different choices. Before starting the evaluation of the CT scans, all choices were carefully discussed by the observers. Observers also made a pilot of five CT scans in order to make sure that all observers understood how to fill in the forms. The Radiologist did not respond to the questions: 'Need for septoplasty' and 'Grade of surgeon's confidence based on images'.
Questionnaire
During the same day of performing sinus CT scans, the subjects were asked to fill in a questionnaire in order to get the patient history data. The questions concerned the patient's medical history, such as the presence of physician-diagnosed allergic rhinitis, asthma, previous nasal polyps, and smoking habits ( Table 2) . We also asked about duration of CRS symptoms, number of antibiotic courses for acute rhinosinusitis, the use of intranasal corticosteroids, and the use of oral corticosteroids for CRS during the last 12 months; and the number of previous sinonasal operations ( Table 2 ). The current sinonasal symptoms were asked by a Visual Analog Scale (VAS) score (Table 2) .
Data analysis
Statistical analysis was carried out by the SPSS Base 15.0 Statistical Software Package (SPSS Inc., Chicago, IL). Cohen's kappa was used to compare the degree of interobserver agreement of CT scans. The calculation is based on the difference between how much agreement is actually present compared to how much agreement would be expected to be present by chance alone. The established interpretation of Kappa-value is classified into six sub-groups: Poor <0.2, Fair ¼ 0.21-0.4, Moderate ¼ 0.41-0.6, Good ¼ 0.61-0.8, and Very Good ¼ 0.81-1.0. A value under zero means that the agreement is worse than by chance, and the value range is from À1 toþ1 [15] . Associations were assessed by the Fisher's exact test. Two-tailed p-values of <0.05 were considered statistically significant.
Results

Patient characteristics
Patient characteristics are given in Table 2 . The age of the subjects varied from 13-77 years, with the average of 43 years by the time of taking the CT scans ( Table 2) . Twentythree (40%) of the patients were men. Twenty-nine (51%) of the whole group had allergic rhinitis, 13 (23%) had diagnosed asthma, and 13 (23%) had nasal polyps (Table 2) . Thirty-five out of 57 patients ended up having sinonasal surgery during the following 12 months after they had undergone sinus CT scans ( Table 2 ). The regularly used medications excluding those for CRS or related diseases were for heart and vascular diseases (10 patients), hypothyreosis (five patients), migraine (three patients), hyper-cholesterolemia (two patients), gastroesophageal reflux disease (two patients), cystitis (one patient), irritable bowel syndrome (one patient), melanoma (one patient), otosclerosis (one patient), prostate hypertrophy (one patient), and rheumatoid arthritis (one patient).
The median (min-max) duration of CRS symptoms was 8.3 (0-54 years) prior to taking the CT scan ( Table 2 ). The median (min-max) number of antibiotic courses for acute rhinosinusitis during the past 2 years was 4.8 (0-15) ( Table 2 ). The median VAS scores of sinonasal symptoms were between 3.5-5.8 (Table 2) . Forty-six (81%) of the patients had current use of intranasal corticosteroids. None of the patients reported as having used peroral corticosteroids during the past 12 months (Table 2) . Twelve (21%) of the patients had undergone a previous sinus operation such Table 1 . Inter-observer agreement of 49 sinonasal structures evaluated from sinus computed tomography scans. The order of the structures is the same as they were in the evaluation form.
p-values by kappa-test.
ENT: Ear nose throat; OMC: Ostiomeatal complex, uncin.: Uncinated; proc.: process.
À, The Radiologist did not respond to the questions:
'Need for septoplasty' and 'Grade of surgeon's confidence based on images'.
as inferior or middle meatal antrostomy and/or ethmoidectomy ( Table 2 ). The median (Q1-Q3) total Lund-MacKay score was 3 (1-5) on both sides (Table 3) .
Inter-observer agreement
In general, there was moderate-to-good inter-observer agreement of the structures. When evaluating the agreement between radiologist and ENT resident, the inter-observer agreement was moderate (kappa ¼ 0.4-0.6) in the majority of structures. The greatest agreement was detected in the size of anterior and posterior ethmoid sinus (kappa ¼ Table 1 ). The greatest disagreements were in septum turbinate (kappa ¼ À0.061 right side and À0.033 left side) and orbital lamina of ethmoidal bone (thickness) (kappa ¼ À0.016 each side) ( Table 1) .
Overall agreement between the ENT surgeon and ENT resident was fair (kappa ¼ 0.2-0.4). The greatest agreements were at previous sinus surgery performed ( The agreement level is determined by the lowest kappa values detected in the inter-observer comparisons of the structure per each side. Ã No 'very good' agreements were detected.
( Table 4 ). The greatest disagreements were in septum turbinate (kappa ¼ À0.138 right side and 0.002 left side) and location of the anterior ethmoidal artery (kappa ¼ À0.009 each side) ( Table 1 ).
The percentage of responses 'not detectable'
The three observers also had the possibility to fill the choice as 'not detectable' in 30/49 structures. 'Not detectable' was not an option in the items concerning LM scoring and sinus size (hypoplasia/normal/hyperplasia), Keros classification, grade of surgeon's confidence based on images, and mucosa of nasal cavity (extent of edema). The percentage of the responses 'Not detectable' varied between 0-18% (Radiologist), 0-24% (ENT surgeon), and 0-28% (ENT resident) ( Table 5 ). In general, the percentages of the responses 'Not detectable' did not statistically significantly differ between radiologist, ENT surgeon, or ENT resident (Table 5) . After Bonferroni correction, the response-rate of 'Non detectable' was statistically significantly different between the observers in the following structures: Infraorbital cell (ENT surgeon vs resident), Concha bullosa superior (Radiologist vs ENT surgeon), Mucosa of pneumatized superior turbinate (Radiologist vs ENT surgeon), and Anterior ethmoidal artery (Radiologist vs ENT surgeon; ENT surgeon vs resident) ( Table 5) .
Discussion
This study was carried out to compare inter-observer agreement in sinus CT scans. The results demonstrated that there Table 5 . The percentage of the responses 'not detectable'. Only the structures in which the observers had the possibility to fill the choice 'not detectable' are shown. can be considerable variation in the evaluation of sinus CT scans between observers. Generally three observers agreed for structures like 'Previous sinus surgery performed', 'Frontal recesses', and 'Lund-Mackay score of posterior ethmoid sinus'. Yet, there were several structures with fairto-poor inter-observer reproducibility. There were a few operatively critical structures that had poor inter-observer agreement: location of anterior ethmoidal artery, optic nerve, insertion of the uncinated process, and Keros class. These vital structures and their relationship to operational areas need to be clear prior to performing advanced surgery of the sinonasal trac [16] [17] [18] . Although severe complications occur rarely in ESS, the risk for rupture of anterior ethmoidal artery does exist in advanced sinus surgery.
To the knowledge of the authors there is little previous evidence of the level of agreement when evaluating sinus CT scans. It is known that the extent of CRS, such as polypous and severe CRS, interferes with the evaluation of CT scans [1] . Although the radiological findings of CRS were not the scope of this study, the observers reported that evaluation was more difficult if the patient had strongly polypous mucosa.
Only a few previous studies exist on the inter-observer agreement of CT scans of other parts of the human body. Two consultant musculoskeletal radiologists evaluated 50 CT arthrograms of the shoulder [12] . The study group found that the level of agreement by Kappa statistic was moderateto-fair in most findings (anterior capsular laxity, Hill-Sachs fracture, soft tissue Bankart), demonstrating considerable inter-observer variation [12] . The authors highlighted the potential difficulties in reporting such images and suggested ways by which the report could be more focused to provide a clinically reliable report and one that accurately matches the surgical findings [12] .
Based on our analyses, the overall agreement between radiologist and ENT resident were moderate, whereas agreement was fair between radiologist and ENT surgeon as well as between ENT surgeon and ENT resident. We wanted to see if the lower agreement between radiologist and ENT surgeon and the higher agreement between radiologist and ENT resident could be explained by the fact that the radiologist and ENT resident would have more often answered 'Not detectable' for the structures than the ENT surgeon. Yet, our results did not support this idea, and thus our study was not able to discern the reason behind inter-observer disagreement. It could be speculated that the differences reflect the fact that the radiologist and ENT resident could have a more analytical approach to the CT scan evaluation. An ENT surgeon's view of the safe location of certain critical structures might be based more on operative experience and clinical view than what can be detected from the CT scans. Yet, further studies to prove this are needed.
It seems that there are different ways to evaluate CT scans, and the only right one cannot be fully determined. This also indicates the importance of discussion in radiologic meetings, not only relying on the radiologist's written response of the CT scans. Taken together, our findings would indicate the importance of training CT scan observing for residents in radiology and otorhinolaryngology.
The findings also suggest that consultations might be equally important for experienced otorhinolaryngologists in some cases.
The limitations of the study are that we did not use modern low dose CT machinery (such as cone beam CT). The results of cone beam CT might be relatively comparable to these results of traditional CT, as cone beam CT has been shown to detect sinonasal structures similarly [19] . Yet, this needs to be proven by further studies.
Conclusion
Our study demonstrated considerable inter-observer variation in a few surgically important structures. This could indicate the significance for consultation when evaluating sinus CT scans of CRS patients for operative planning.
